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ABSTRACT

Background: Level of education is a well-established risk factor for Alzheimer disease but its
relation to cognitive decline, the principal clinical manifestation of the disease, is uncertain.

Methods: More than 6,000 older residents of a community on the south side of Chicago were
interviewed at approximately 3-year intervals for up to 14 years. The interview included adminis-
tration of four brief tests of cognitive function from which a previously established composite
measure of global cognition was derived. We estimated the associations of education with base-
line level of cognition and rate of cognitive change in a series of mixed-effects models.

Results: In an initial analysis, higher level of education was related to higher level of cognition at
baseline, but there was no linear association between education and rate of change in cognitive
function. In a subsequent analysis with terms to allow for nonlinearity in education and its relation
to cognitive decline, rate of cognitive decline at average or high levels of education was slightly
increased during earlier years of follow-up but slightly decreased in later years in comparison to
low levels of education. Findings were similar among black and white participants. Cognitive per-
formance improved with repeated test administration, but there was no evidence that retest ef-
fects were related to education or attenuated education’s association with cognitive change.

Conclusions: The results suggest that education is robustly associated with level of cognitive
function but not with rate of cognitive decline and that the former association primarily accounts
for education’s correlation with risk of dementia in old age. Neurology® 2009;72:460–465

GLOSSARY
AD � Alzheimer disease.

Risk of dementia and Alzheimer disease (AD) in old age is reduced in persons with higher levels
of educational attainment compared to those with lower levels.1-4 This finding is due in part to
the well-established correlation of education with cognitive test performance at all ages. Thus,
persons with more schooling, relative to those with less, are likely to begin old age at a higher
level of cognitive function and so would need to experience more cognitive decline before
reaching a level of impairment meeting dementia criteria. Another way in which education
might influence risk of dementia is by a correlation with late life cognitive decline, the primary
clinical manifestation of AD. Consistent with this idea, several studies have reported an associ-
ation of higher educational attainment with reduced cognitive decline.5-23 However, this re-
search is mostly based on change between two measurement points. Although this approach
can provide an estimate of rate of change in cognitive function, it has a fundamental limitation:
even with statistical adjustments, change in function between two time points is hard to
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securely distinguish from level of function at
either point.24 This limitation is especially
telling when the predictor of interest is highly
correlated with the outcome as in the present
case. Importantly, therefore, such studies are
not well positioned to separate the estimate of
education’s correlation with cognitive decline
from its strong correlation with level of cogni-
tion. Assessment of cognition at three or more
points in time permits separation of initial
level of cognition from rate of change, but
fewer of these studies have been published
and their findings on the relation of higher
educational attainment to cognitive decline
have been mixed.12,17,19,21,25-28 Other factors
may be contributing to this inconsistency. For
example, education has been quantified in
different ways (e.g., categorically vs continu-
ously, linearly vs nonlinearly) and its associa-
tion with cognitive decline may be modified
by other variables (e.g., preexisting cognitive
impairment, practice effects, race/ethnicity).

In the present study, we test the hypothesis
that higher level of education is associated
with reduced rate of cognitive decline in old
age using data from the Chicago Health and
Aging Project, a longitudinal population-
based study of aging and AD. Participants are
more than 6,000 older African American and
white residents of a community on the south
side of Chicago. At approximately 3-year in-
tervals for up to 14 years, they completed four
brief tests of cognitive performance from
which a previously established composite
measure of global cognition was derived. We
used mixed-effects models to characterize
person-specific paths of cognitive change and
to test the relation of education to initial level
of cognition and annual rate of change. In
subsequent analyses, we examined other so-
cioeconomic indicators and tested whether
the association of education with change in
cognitive function was modified by race, cog-
nitive impairment, or repeated exposure to
the cognitive tests.

METHODS Participants. To date, 10,186 older commu-

nity residents have participated in the baseline interview; 118

(1%) were missing data on education or cognitive function. Of

the remaining 10,068 people, 1,552 died before the first

follow-up interview and 1,580 had not yet reached the date

scheduled for the first follow-up. Among the 6,936 eligible for

follow-up, 6,533 (94%) completed at least one follow-up inter-

view. Analyses are based on this group. They completed a mean

of 3.0 (SD � 1.1) interviews during a mean of 6.5 (SD � 3.6)

years of observation. They had a mean age at baseline of 72.2

years (SD � 6.1) and a mean of 12.2 years of formal education

(SD � 3.6); 61% were women and 67% were African American.

Assessment of cognitive function. Four brief tests of cogni-

tive function were administered as part of the in home interview.

Immediate and delayed recall of 12 ideas contained in the East
Boston Story were used to assess episodic memory. A modified
version of the oral form of the Symbol Digit Modalities Test was
used to assess perceptual speed. Global cognition was assessed
with the Mini-Mental State Examination, a widely used mental
status test. In a principal-components factor analysis of baseline
data, these four measures loaded on a single factor that ac-
counted for approximately 74% of the variance in the individual
tests.29 Therefore, we formed a composite measure of global cog-
nition by converting raw scores on each test to z scores, using the
baseline mean and SD in the population, and then averaging the
z scores to get the composite score, as described in previous
publications.29-31

Assessment of other covariates. Educational attainment
was expressed as years of formal schooling completed, as reported
by the participant. Race was assessed with the US Census ques-
tions. Income was assessed by asking participants to choose one
of 10 levels of total family income from a “show card.” Lifetime
occupation was quantified using the perceived occupational
prestige scale of Featherman and Hauser.32 Data on five chronic
medical conditions was obtained from self report of heart attack
or myocardial infarction, hypertension, stroke, diabetes mellitus,
and cancer.

Data analysis. The statistical analyses were performed by Ken-
neth Tonnissen under the supervision of Dr. Hebert. We used
mixed-effects models to characterize individual paths of change
in cognitive function and to test the association of education
with baseline level of cognition and rate of change. The initial
model had terms for time (in years since baseline) and time
squared to allow for nonlinear change. We then added terms for
education, education � time, and education � time squared.
This and all subsequent models also included terms for age, sex,
race, and their interactions with time. We conducted identical
analyses substituting first income and then occupation for educa-
tion. Next, we repeated the analysis adding terms for education
squared, education squared � time, and education squared �

time squared. We repeated this latter model with terms added
for chronic conditions and their interactions with time; with
terms added for the interactions among race, education, and
time; and with persons with low baseline levels of cognition ex-
cluded. To evaluate retest effects, we added indicators for the
first, second, third, and fourth retestings (i.e., first, second, third,
and fourth follow-ups), as previously described,33,34 and terms for
the interaction of education with each indicator to see if retest
effects varied by education. We also repeated analyses after ex-
cluding the first observation. Models were graphically and ana-
lytically validated.

RESULTS Years of education had a mean of 12.2
(SD � 3.6) and an approximately normal distribu-
tion (skewness � 0.0; range: 0 to 30). Higher educa-
tion was associated with younger age (r � �0.16,
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p � 0.001) and white race (t[6,532] � 28.9, p �
0.001) but not with sex (t[6,536] � 0.7, p � 0.493).

Change in cognitive function. At baseline, the com-
posite measure of global cognition ranged from
�3.50 to 1.66 (mean � 0.24, SD � 0.74), with
higher scores indicating better cognitive functioning.
To assess change in cognitive function during the
study period, we constructed a mixed-effects model
with terms for time (in years since baseline) and time
squared to allow for nonlinear change in cognition.
The effects of time (estimate � �0.036, SE � 0.009,
p � 0.001) and time squared (estimate � �0.001, SE �
0.001, p � 0.001) indicate that on average cognition
declined at a gradually accelerating rate. To examine
individual differences, we plotted the estimated paths
for a 3% random sample of the population (figure 1).
Substantial heterogeneity is evident with some per-
sons rapidly declining and others showing little de-
cline or slightly improving.

Education and change in cognitive function. To test
whether education was associated with these individ-
ual differences in cognitive decline, we constructed a
new model with terms added for education and its
interaction with time (table 1, model A). This and all
subsequent analyses also included terms to control
for the potentially confounding effects of age, sex,

and race on initial level of cognition and rate of cog-
nitive change. Higher level of education was associ-
ated with higher level of cognition at baseline, as
shown by the term for education in table 1. There
was no interaction between education and time,
however, indicating that people with different levels
of education did not differ in rate of cognitive de-
cline. Substituting other socioeconomic indicators,
income and lifetime occupation, yielded similar re-
sults: they were related to higher level of cognition at
baseline but were unrelated to cognitive decline (data
not shown).

The association of education with cognition is
probably not linear. Therefore, we repeated the anal-
ysis with four additional terms: the interaction of ed-
ucation with time squared, which allows the
association of education with change in cognitive
function to shift with time, plus a quadratic term for
education and terms for its interactions with time
and time squared (table 1, model B). It was only after
the addition of these terms that education had any
association with cognitive change. To better under-
stand the complex interactions between time and ed-
ucation that emerged in this model, we plotted the
predicted 12-year cognitive trajectories at three dif-
ferent levels of education (figure 2). Substantial dif-
ferences are apparent in level of cognitive
performance. Rates of cognitive change are broadly
similar, but those with low education (8 years, 10th
percentile) appear to be declining slightly less than
persons with average (12 years, 50th percentile) or
high (16 years, 90th percentile) levels of education
but only in the early years of follow-up. By contrast,
in the later years of follow-up there is a slight benefit
of higher education though it is too small to be ap-
parent in the figure. To see if differences in health
affected findings, we repeated the analysis with indi-
cators for the presence of five chronic conditions dur-
ing the study period (heart disease, hypertension,

Figure 1 Predicted individual paths of change in
global cognition estimated for a 3%
random sample of the population

Table 1 Relation of education to change in cognitive function*

Model term Model A estimate (SE); p Model B estimate (SE); p Model C estimate (SE); p

Time �0.049 (0.004); �0.001 �0.053 (0.004); 0.001 �0.051 (0.004); �0.001

Time2 �0.001 (�0.001); �0.001 �0.001 (�0.001); �0.001 �0.001 (�0.001); 0.001

Education 0.072 (0.002); �0.001 0.075 (0.002); �0.001 0.073 (0.002); �0.001

Education � time �0.001 (�0.001); 0.205 �0.002 (0.001); 0.027 �0.002 (0.001); 0.020

Education � time2 �0.001 (�0.001); 0.097 �0.001 (�0.001); 0.120

Education2 �0.004 (�0.001); �0.001 �0.004 (�0.001); �0.001

Education2 � time �0.001 (�0.001); 0.001 �0.001 (�0.001); 0.001

Education2 � time2 ��0.001 (�0.001); 0.005 ��0.001 (�0.001); 0.005

*From mixed-effects models. In addition to the terms shown in the table, each model included terms to control for the
effects of age, sex, and race, and model C also adjusted for chronic medical conditions.
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stroke, diabetes, cancer), and results were unchanged
(table 1, model C).

Because little is known about the relation of edu-
cation to cognitive decline in African Americans, we
repeated the analysis (model B) with terms to allow
for interactions among race, education, and time.
The overall goodness of fit for this model was re-
duced compared to the original analysis, suggesting
that the association of education with change in cog-
nitive function did not vary by race.

Impact of cognitive impairment. Among people with
dementia, higher level of education has been associ-
ated with more rapid cognitive decline,35,36 suggest-
ing that the presence of individuals with dementia or
cognitive impairment in the population might ob-
scure an association of higher education with slower
decline in the remainder. To test this possibility, we
repeated the analysis (model B) excluding those
whose cognitive score at baseline was at or below the
10th percentile, and then conducted similar analyses
using the 20th and then 30th percentiles as cut-
points. With these exclusions, which tended to
remove people with low education and short follow-
up, higher education was associated with slightly less
rapid cognitive decline early in follow-up but with
slightly more rapid decline later in follow-up.

Impact of retesting. Repeated administration of cog-
nitive tests can improve performance. If such retest
effects were related to education, they might obscure
an association with change in cognitive function. We
investigated this possibility in two ways. First, to
evaluate retest effects across the range of follow-up,
we added indicators for the first, second, third, and
fourth retestings and their interactions with educa-
tion (table 2). The terms for the second, third, and
fourth indicators were positive and significant,
meaning that cognitive test performance improved
with repeated test administration. These retest effects
were not associated with education, however, as

shown by the interaction terms in table 2. Second, to
test whether education had a disproportionate im-
pact on the initial testing experience, we repeated the
primary model with the baseline observation re-
moved. In this analysis, education’s association with
change in cognitive function was eliminated.

DISCUSSION In more than 6,000 community
dwelling old persons, we examined the relation of
education to rate of change in cognitive function
during up to 14 years of observation. Level of educa-
tional attainment was robustly related to level of cog-
nitive function at study onset. By contrast, we found
little evidence that education is associated with cog-
nitive decline. When associations were observed,
they were invariably small, with the presence and di-
rection of effects conditional on other variables. In
the context of previous work, the findings suggest
that education affects risk of late life dementia pri-
marily by virtue of its association with level of cogni-
tion and not by an association with rate of cognitive
decline.

A simple tally of prior research tends to support
an association between higher educational attain-
ment and reduced cognitive decline, with nearly half
of published studies reporting the association,5-11,13-15,22,23

and about one quarter finding mixed evidence of
it.12,16-21 In the negative studies,25-28,37,38 however,
change was more likely to be based on three or more
cognitive assessments rather than only two (4/8 vs
2/19, p � 0.059, Fisher exact test) and on 6 or more
years of observation rather than less than 6 (5/11 vs
0/14, p � 0.003, Fisher exact test). Further, in each
of three projects that published two articles on edu-
cation and cognitive decline, education was related to
cognitive decline in the earlier publication,15,21,22 but
not in the later publication despite additional data
collection.25,26,28 In research with three or more as-
sessments of cognition, evidence linking higher level

Figure 2 Predicted 12-year paths of change in
global cognition in persons with 8
(solid line), 12 (dotted line), or 16
(dashed line) years of education,
adjusted for age, sex, and race

Table 2 Retest effects and their relation
to education*

Model term Estimate
Standard
error p

Retest 1 0.012 0.059 0.837

Retest 2 0.175 0.089 0.050

Retest 3 0.303 0.106 0.004

Retest 4 0.567 0.134 �0.001

Education � retest 1 �0.004 0.017 0.793

Education � retest 2 �0.002 0.025 0.940

Education � retest 3 0.002 0.030 0.959

Education � retest 4 ��0.001 0.039 0.990

*From a mixed-effects model adjusted for age, sex, race,
and education.
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of education with reduced cognitive decline has
been limited, with four studies reporting no
association25-28 and four finding it to be conditional
on some other variable (e.g., sex,12 cognitive out-
come12,17,19). In short, the studies best equipped to
assess change in cognitive function, by virtue of mea-
suring it more often during a longer period of time,
were the least likely to find an association with edu-
cation. This is the opposite of the pattern that one
would expect if education were truly related to
change in cognitive function. Instead, we propose
that education has little or no association with
change in cognition and that evidence to the contrary
mainly reflects difficulty disentangling level of cogni-
tion, which is robustly related to education, from
change.

Little is known about education and cognitive de-
cline in black persons.39 In this biracial population,
the association of education with cognitive decline
was comparable in black and white participants.

Repeated administration of cognitive tests leads to
improved performance,33,34 and such retest effects
might influence the association of education with
cognitive change.27 One prior study did find that
lower education was associated with greater improve-
ment from the first to second testing and that after
controlling for this apparent retest effect, higher edu-
cation predicted less cognitive decline during the re-
mainder of the study.21 However, cognitive retest
effects are known to persist beyond a single retest-
ing34 and education was not related to retest effects
across the range of follow-up in this population, con-
sistent with previous research.34 There was a differen-
tial effect of the first observation, but deleting it
eliminated education’s association with cognitive
change rather than enlarging it.

Because education’s association with change in
cognitive function may shift as impairment in cogni-
tion begins to emerge,40 the presence of cognitive im-
pairment within a cohort might obscure a protective
effect of education. In this population, however, ex-
cluding persons with low cognitive function at base-
line did not have this effect: although higher
education was associated with reduced cognitive de-
cline in the early years of follow-up, it was associated
with more rapid decline in later years.

Confidence in these findings is strengthened by
several factors. First, they are based on a geographi-
cally defined and racially diverse population of older
persons. Second, the availability of a psychometri-
cally sound composite measure of cognition adminis-
tered at regular intervals with high follow-up
participation in survivors enhanced our ability to re-
liably assess individual differences in rate of cognitive
change and their relation to education. Finally, the

long follow-up period enhanced our ability to distin-
guish initial level of cognition from rate of change,
and the large cohort size made it possible to identify
even small effects.

This study also has important limitations. Be-
cause results are based on a measure of global cogni-
tion, we cannot rule out the possibility that
education is related to decline in some cognitive do-
mains but not others. In addition, the measure of
educational attainment, years of schooling, assumes
an equivalence of educational quality across persons
and time that is unlikely to be true. Incorporating
data on educational quality (e.g., spending per pupil
in county) with amount of schooling might provide
further insight into the association of education with
age-related cognitive decline.
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